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C∗(A)
⊗ C∗(Y )
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)
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(( C∗(X × Y )
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)
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Hp(X,A;G1)⊗Hq(Y,B;G2) × // Hp+q(X × Y, (A× Y ) ∪ (X ×B);G1 ⊗G2)
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(f × g)∗(u× v) = f ∗u× g∗v.
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g :
C∗(X ×X)
C∗(A×X)⊕C∗(X ×B) →
C∗(X ×X)
C∗(A×X ∪X ×B)
l :
C∗(X)
C∗(A)⊕ C∗(B) →
C∗(X)
C∗(A ∪B) .
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8tﬀ{}Ó7ﬃﬀtbÓﬀÏ~RÓﬀ~
u ∈ Hp(X,A,G1) 8x~VtUÓﬀÏ~RÓﬀ~ v ∈ Hq(X,B,G2) 
u ∪ v = d∗(u× v).
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ﬀÏR69Xé´89vx~RÏ$w8x{nÏR698x{JÏ$w8x5u~R69
ﬀ8GÏy|5ﬀ
n
8x~
m
ÏR89$tU89vx~$w}é´8x;8x5~
A

w8x5~
X
8x~
Y
ﬀ8xÓ$¬R89vx~$w57ﬀ8G{8xÓﬀÏR #7ﬀÏR69
8x5Ü$tﬀÛﬀxÏR89ﬂyRRvxw69
ξ0
8x~
ξ′0
y|Ó$Pﬀ89R$Ó7ﬀ8XRÓ7?Pv9ptﬀ{8ﬀ89
L ⊂ B 8x~ L′ ⊂ B′
ÏR89Rtb89vx~$w}é´8x;8x5u~
A
y|57V{8(v¹yy|7R{}Óﬂﬀ57Ó7y9é´57V{zyptﬀÏRtb>$w}~$w53$Óﬀw}éy|5u~R8;:
?IH
(*),> ﬁ>&8?/A;?/0>D3E  e2'   <    5)^>  , ﬁ  
× ﬂ ×ÇÇ9ÌnË ßÚﬀÌÈÅX×	ÈÇxÙ  ÚﬀÌ;Ë  ÚÍ ÈÅRÆ
ØbÅ1Ù¹Ë>ÚuÉÎ ÌÈÇÈÎ }Ì xÅ$Ù|ÇÇ ØbÅ1Ù¹Ë>ÚuÉÎËuÌÊÇ ﬂ}×|ÇÇ¹ÌÊÇJË  ßÚﬁÌÈÅJ×ﬁÊÇxÙ  Ú7ÌÊÇXËÌÊÇ  ÈÅ$ÆÈÇ
e(ξ × ξ′) = e(ξ) × e(ξ′) ∈ Hn+m(B ×B′;Z).
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e(ξ′, Y )
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v98x{}{}Óﬀ{8 ﬀ8{zy²y|5ﬀw xÏR8 $Óﬀw}éy|5u~R8ﬂ:¤Rw
σ
89$~^Óﬀ578v98x{}{}Óﬀ{8ﬀ8
B\L y|{ÏR ξ|σ 89$~*~$Ï$w}éwzy|{
8x~
(XR)|σ ﬀ6#75ﬀw}~VÓﬀ578Jy|tﬀtﬀ{}wv¹y|~$w5
XσR : σ → Rn.
%5 ﬀ8x²y|57ﬀ8!y|{ÏR &Ó78
Xσ
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Rw}~ ÷é>y|{8xÓﬀÏRX7y|57
Sn−1
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9%&uÓ78;v>,-89$~(tU>?
Rw}ﬀ{8
A
05Üt[y|Ï$~$wvxÓﬀ{}w8xÏ ﬀ8nv98x~$~R8X²y|5ﬀw xÏR8ﬁ
XR
ÏR89R~$ÏR8xw}5~R8
L ∪ Bn−1 tb8xÓﬀ~ /x~$ÏR8
éÓ78ﬂv9p;8ﬂÓﬀ578(89vx~$w5t[y|Ï$~$w8x{}{8GÓ
Sn−1
 #7ﬀÏR6
ξ0
&uÓﬀw tﬀÏR{5ﬀ´8
X A
%5vRÛ7w$w}~ﬀ8²y|5ﬀw xÏR8Jy|5[y|{>Ó78(Óﬀ578ﬂR89vx~$w5ﬃ>{[y|{8(ﬀ8
YR
ﬀ8
ξ′
&uÓﬀw tﬀÏR 
{5ﬀ´8
Y
ÔâéÓ78v9p;8R89vx~$w5!t[y|Ï$~$w8x{}{8ﬂﬀ8
ξ′
éuwzyG{Ý, w}5Þ$89vx~$w5
Sm−1 ↪→ Rm 7y|57
{89B#7ﬀÏR89ÊÕ
A
57$wﬀ6xÏR57V{8 #7ﬀÏR6(tﬀÏRuÓﬀw}~
ξ × ξ′ A &8989vx~$w57 XR : B → E 8x~
YR : B
′ → E′ w}57ÓﬀwR8x5~5[y|~$ÓﬀÏR8x{}{8x;8x5~Óﬀ578(R89vx~$w5>{[y|{8
XR × YR : B ×B′ → E ×E′.
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σ
89$~0Óﬀ578v98x{}{}Óﬀ{8Vﬀ8
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8x~	$w
τ
89$~0Óﬀ578v98x{}{}Óﬀ{8Vﬀ8
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y|{ÏR	{zyR89vx~$w5
XR×YR
ÏR89R~$ÏR8xw}5~R8 
σ × τ ﬀ6#75ﬀw}~{Ý,y|tﬀtﬀ{}wv¹y|~$w5 :
fσ×τ : σ × τ → Rn ×Rm
(x, y) 7→ (XσR(x), Y τR(y)).
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e(ξ× ξ′, X×Y ) å×ÊØØ×ÅxÎPÌÈÍ]×Í[Î 
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e(ξ × ξ′, X × Y ) = e(ξ,X) × e(ξ′, Y ).
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
 
  ﬀﬁ
 ﬂ(') '

W 
<OMHnX8S Ĥ(Σ)X KOUL S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i(ĉ0(M,N))
KOFLSaDK;>X;>NF9dP]OUH\9ﬀ
 E<;>H{;>S];>QRP~LUNUPT?	Pk@BS
I×Σg H=	8P9	|S
 =	8P]ic=
SU j
IG@BN[@BSTSMSTP]O[@BLUP];C9	
σ j
P!c?>@BNUPk@cL\NMSk@BLUP x MQ@BS

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ĉ0
P
V

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